Historical bottlenecks, habitat fragmentation, and small populations resulting in decreased heterozygosity typify conservation concerns of globally threatened carnivore populations. We monitored the endangered Asiatic lion (Panthera leo persica) by radiotelemetry (n ¼ 20), individual profiles (n ¼ 55 adults and 91 cubs from 38 litters), and observed mortalities (n ¼ 88) to estimate survival, mortality causes, interlitter interval, and litter size in the Gir Forest region of Gujarat, western India, between 2000 and 2010. Lions increased from about 177 in 1968 to about 411 by 2010 with r ¼ 0.022 6 0.001 SE. The male : female ratio was 0.63 6 0.04 SE, whereas the cub : adult lioness ratio was 0.37 6 0.02 SE. Mating peaked in winter and birth peaked in late summer. Average litter size was 2.39 6 0.12 SE. Interbirth interval was 1.37 years 6 0.25 SE (n ¼ 7 lionesses) and was higher (2.25 6 0.41 years) when cubs of the previous litter survived to independence. Cub survival was 0.57 6 0.04 SE, whereas survival from cub to recruitment age (3 years) was 51% 6 4% SE, with mortalities due to infanticides being 30% 6 7 %. Juvenile (1-2 years) and subadult (2-3 years) survival rates were 0.87 6 0.04 SE and 0.90 6 0.04, respectively. Average annual survival rate of adult lions (.3 years) was 0.9 6 0.12 SE. Adult lions died primarily due to natural causes (54.5%); however, human-caused mortality was substantial (43.2%) and was likely additive to natural causes. Demographic parameters of genetically less-diverse Asiatic lions did not differ from those of African lions.
Most large carnivores have low genetic diversity (Caro and Laurenson 1994; O'Brien 2003) . Low genetic diversity coupled with their low density, small population size, and fragmented habitats are considered major impediments to their conservation (Brook et al. 2002) . The last free-ranging population of Asiatic lions (Panthera leo persica) in the Gir Forests of western India exemplifies these problems (Driscoll et al. 2002; Johnsingh et al. 1998; O'Brien 2003) .
With their origin in East and South Africa (Antunes et al. 2008) , Asiatic lions extended from the African Mediterranean coast into Eastern Europe, the Middle East, and into India sometime between 3,000 and 2,000 years ago (Divyabhanusinh 2005) . Driscoll et al. (2002) suggest that about 2,680 (range 1,081-4,279) years ago, the Kathiawar Peninsula where the Gir forest is located was separated from mainland India by rising sea level (Gupta 1972) , causing the 1st genetic bottleneck that isolated the founders of the present Asiatic lion population, compelling them to inbreed for several generations (O'Brien 2003) . A 2nd, less-severe bottleneck occurred at the onset of the 19th century when lions became restricted to the Gir Forests and their number declined to around 50 individuals, due to hunting and habitat loss (Edwards and Fraser 1907; Kinnear 1920; Pocock 1930) .
Allozyme and microsatellite studies indicate that the Asiatic lion population is genetically monomorphic due to an isolated, inbred population with a small founder base (O'Brien 2003; Shankaranarayanan et al. 1997; Wildt et al. 1987) , although random amplified polymorphic DNA analysis showed some level of polymorphism in Asiatic lions (Shankaranarayanan et al. 1997) . Although the extent of inbreeding and homozygosity in the Gir lion population is debatable, there is little doubt that these lions have decreased heterozygosity in comparison to African lions. Decreased heterozygosity likely diminishes reproductive vigor and survival and is believed to impair a population's long-term viability (Björklund 2003; Foose 1977; O'Brien et al. 1986; Packer et al. 1991) .
Because of the timely and stringent protection by the rulers of Junagadh and, subsequently, during postindependence by w w w . m a m m a l o g y . o r g the state-run forest department, Asiatic lions have increased to about 400 (Gujarat Forest Department 2010) and dispersed into a large tract of agropastoral landscape adjoining the Gir Forests (Banerjee et al. 2010; Singh and Gibson 2011) . Vital rates of an animal population determine its size and composition and represent the aggregate life-history performances of its constituents (Robinson et al. 2008) . It is widely believed that the effects of inbreeding and subsequent low genetic diversity should manifest in poor population vital rates ). Yet declines in large carnivore populations are most often attributed to causes other than lack of measured genetic diversity and subsequent depression of population vital rates (Altizer et al. 2003; Caughley 1994) . We collected long-term data from free-ranging Asiatic lions on survival, litter size, interlitter interval, and rate of population increase by radiotelemetry of 20 lions and individual monitoring of 55 lions, and compared these with genetically more diverse African lion (Panthera leo leo) populations to determine if the demography of the Gir lions was compromised due to inbreeding depression.
MATERIALS AND METHODS
Study area.-The study was conducted between 2000 and 2010 across about 9,000 km 2 of the Gir Landscape within the southwestern part of the Saurashtra region in the state of Gujarat, western India. The Gir Landscape is a multiple land-use area composed of the 1,880-km 2 Gir Protected Area (Gir PA); the 180-km 2 Girnar Wildlife Sanctuary (Girnar); and approximately 7,000 km 2 of human-dominated agropastoral landscape of Amreli, Bhavnagar, and Junagadh districts (Eastern region; Fig. 1 ). The Gir Landscape, described elsewhere (Singh and Gibson 2011) , is a typical biogeographic representative of the semiarid Gujarat-Rajputana Zone (Rodgers and Panwar 1988) , located between the coordinates 21835 0 N, 70828 0 E; 21807 0 N, 70828 0 E; 21847 0 N, 72802 0 E; and 21808 0 N, 71859 0 E. There are 3 distinct seasons: dry, hot summer (March-June, mean maximum temperature 388C), monsoon (July-October, mean maximum temperature 338C, average rainfall 980 mm), and mostly dry winter (November-February, minimum average temperature 58C). Adult lion densities (lion numbers/100 km 2 ) of Gir PA, Girnar, and Eastern region were 15, 6, and 2, respectively (Banerjee et al. 2010; Jhala et al. 2004 Jhala et al. , 2011 . Gir PA has 50 Maldhari (local pastoralist) settlements and 14 forest settlement villages (human population 4,500, with approximately 23,440 livestock) inside the protected area boundary, along with 97 peripheral villages (human population approximately 150,000, with 94,600 livestock) that use resources such as fodder, fuel wood, and minor forest products from within Gir PA (Singh and Gibson 2011; Singh and Kamboj 1996) . The 7,000-km 2 Eastern region consists of private farmlands and industrial and pastoral lands of private and government ownership. Livestock rearing for dairy products, seasonal crop agriculture, and horticulture are the main economies of the region. The landscape outside Gir PA is traversed by national and state highways, district-and villagelevel roads, and railway lines.
Radiotelemetry.-Twenty lions (10 males and 10 females) ranging between approximately 2.5 and 12 years, from different prides spaced throughout the Gir Landscape, were radiocollared (11 lions in Gir PA, 4 lions in Girnar, and 5 lions in Eastern region; Fig. 1 ). Lions were anesthetized using a combination of ketamine hydrochloride (2.5-3 mg/kg body weight) and medetomidine (0.04-0.06 mg/kg body weightKreeger 1996) injected intramuscularly using a gas-powered projectile (Telinject Inc., Agua Dulce, California) dart delivery system. We used the reversal agent atipamezole (0.05-0.1 mg/ kg body weight) resulting in the total recovery of anesthetized lions within 3-10 min. Each sedated lion was sexed, aged, measured, and weighed, ectoparasites were collected, and the lion was photographed. Lions were equipped with combination of very-high-frequency (n ¼ 10, Telonics Inc., Mesa, Arizona; and n ¼ 4, Wildlife Materials Inc., Murphysboro, Illinois), global positioning system (n ¼ 3, HABIT Research Ltd., Victoria, British Columbia, Canada; and n ¼ 2, Vectronics Aerospace GmbH, Berlin, Germany), and global positioning system plus satellite (n ¼ 1, Vectronics Aerospace GmbH) radiocollars. The collar weights were ,1% of the body weight of the lions.
Monitoring lions.-Collared lions were monitored from the ground by a 4-wheel-drive vehicle or on foot, using a 3-element yagi antenna (AF Antronics Inc., Urbana, Illinois) and a handheld receiver (HABIT receiver model HR 2600; HABIT Research Ltd.; and Vectronics GPS Plus Handheld Terminal Unit; Vectronics Aerospace GmbH). Considering the vastness of the landscape, we attempted to visually locate every collared lion at least biweekly. Once activated, global positioning system and global positioning system-satellite collars provided 6-8 daily locations either via the Iridium 2-way satellite network using low-earth-orbit satellites (Iridium Communications Inc., McLean, Virginia) or the ultra-high-frequency-based ground download facility.
We additionally individually identified and monitored 55 lions (37 males and 18 females aged approximately 1.513 years) between 2004 and 2010 across the entire landscape, based on their unique vibrissae patterns and additional body marks (Jhala et al. 1999; Pennycuick and Rudnai 1970) ; we maintained their individual profiles based on repeated sightings in the database program LION version 1.0 (Badoni et al. 2005) . We monitored these noncollared, known lions (n ¼ 55) by locating them visually at least once every 2 months.
We classified the 20 collared and 55 individually identified noncollared lions into 7 age categories (Jhala et al. 2004 ) based on body size, coloration, secondary sexual characteristics, and tooth eruption and wear (Schaller 1972) . Age categories were: small cubs (,6 months), large cubs (6 months-1 year), juveniles (1-2 years), subadults (2-3 years), young adults (3-5 years), prime adults (5-10 years), and old adults (.10 years). We, and our field assistants, 1st practiced and compared our age-category classification skills on known-age captive and free-ranging lions to ensure consistency and accuracy. We could accurately and consistently age lions up to the age of 5 years. Variability between observers ranged between 1 and 3 years for age estimation of lions greater than 5 years. We therefore used a consensus age (year) estimate for lions older than 5 years between 2 or more observers. Because of small sample sizes in each age group and to avoid errors of estimating exact age from biasing our survival estimates, we report stage-specific rates (averaged across all ages within that stage) and not age-specific rates. We used the 20 radiocollared and 55 noncollared individuals to estimate stage-specific adult lion mortality (see ''Adult survivorship and annual mortality rate'' below).
Sex ratio.-We used 412 opportunistic lion sightings (281 in Gir PA, 41 in Girnar, and 90 in Eastern region) across the Gir Landscape to deduce sex ratios, reported as ratio of adult males to adult females. There was a possibility of sampling individuals more than once because not all lions observed were able to be individually identified. Therefore, a singlesample survey with replacement model was used to compute the adult sex ratio (Skalski et al. 2005) .
Reproduction and cub survival.-Seasonality of mating was deduced from direct sightings (n ¼ 29 mating events). We accounted for varying search effort in different seasons by dividing the number of mating events recorded by the number of field days spent searching for lions in that season. The young : adult lioness ratio was calculated as ratio of cubs and juveniles to breeding lionesses (n ¼ 215) in the population using the single survey without replacement model (Skalski et al. 2005 ) because all mothers were individually identified and their young were counted a single time in our analyses. We monitored 91 cubs from 38 litters of 31 females across the Gir Landscape between 2002 and 2010 (55 cubs in 23 litters from 18 females in Gir PA, 11 cubs in 5 litters from 5 females in Girnar, and 25 cubs in 10 litters from 8 females in the Eastern region) to estimate litter size and cub survival rate. Litter size and cub mortality until about 1 month could not be ascertained because of observational difficulties, therefore, survival rates have been calculated from 1 month of age when cubs start movement with lionesses. We calculated cub recruitment as the proportion of cubs reaching young adult stage (3 years). Most of the cub mortalities were recorded when found dead; however, not all carcasses could be detected. Therefore, a cub was considered dead if it was not observed with the pride on 2 or 3 subsequent observations and not seen thereafter (Goodrich et al. 2008) . Whenever possible, causes of cub mortality were classified into 4 categories: infanticide by adult males; other natural causes such as rejection by mother, diseases, and injury; anthropogenic (e.g., falling into parapetless irrigation wells, road kills, electrocution by live wires illegally set around agriculture fields to deter crop damage by wild herbivores, and poaching); and unknown. We used program MICROMORT (Heisey and Fuller 1985) to compute cause-specific cub mortality.
Interlitter interval was calculated as the time interval between successive litters of a lioness (Packer et al. 1988 ). We measured reproductive success of lionesses as percent of cubs that survived to adulthood by a female (Kelly et al. 1998) during the study period.
Adult survivorship and annual mortality rate.-We primarily detected mortality of radiocollared lions when radiocollars went into mortality mode and investigated the site to determine cause of death. For noncollared animals, all births and mortality events were recorded as far as possible, from scheduled fieldwork combined with exchange of information with park authorities, local tourist guides, and villagers. The causes of lion mortalities were rarely ambiguous because we collected the information in a combination of ways: direct inspection of the site within 24-36 h, information gathered from the park authorities with verification from the veterinary officer, inspection of postmortem reports, and by interviewing local witnesses. Adult lion mortality (n ¼ 88) events were categorized into natural mortality (intraspecific strife, disease, old age, snake bites, and flash flood), humancaused mortality (falling in farmland irrigation wells, road accidents, poaching, and electrocution), and unknown causes.
We estimated stage-specific annual and span survival probabilities of adult lions using a known-fate model (Skalski et al. 2005) in program MARK (White and Burnham 1999) , using the staggered-entry design (Hayward et al. 2005; Pollock et al. 1989 ). This technique can be used where fate of an identifiable individual is known with certainty and independently. Mortality dates of all study lions were known within 5 days of occurrence. We grouped encounter histories of lions into time intervals of 6 months each and created a live-dead matrix where 10 meant the individual lived through the interval, 11 meant the individual died during the interval, and 00 meant censoring the individual (when unaware about the fate-Cooch and White 2009). For our survivorship analysis, we right-censored surviving lions in our sample at the end of December 2010. Lions monitored before adulthood, and that lived long enough to enter the next stage class, were included in all appropriate stage classes with the assumption that survival rates in different age classes of an animal were independent. We estimated adult lion survival by monitoring 75 lions (20 radiocollared and 55 noncollared) where stagespecific sample sizes were juvenile, n ¼ 56; subadult, n ¼ 42; young adult male, n ¼ 28; young adult female, n ¼ 15; prime adult male, n ¼ 28; prime adult female, n ¼ 24; old adult male, n ¼ 15; and old adult female, n ¼ 15. We also estimated causespecific mortality using program MICROMORT (Heisey and Fuller 1985) , according to the total number of monitoring days and deaths of monitored lions occurring in the interval covered (Trent and Rongstad 1974) . We generated 95% confidence intervals on survival rates (Zar 1984) ; nonoverlapping confidence intervals on survival estimates were considered significantly different.
Realized rate of increase of Asiatic lion population.-We computed the realized rate of increase for lion population by regressing natural logarithm-transformed population estimates against time (Caughley 1977) . We used historical lion census data published in literature and reports (Divyabhanusinh 2005; Singh 2007 ). Since 1963, the Gujarat Forest Department has estimated lion numbers about every 5 years by a laborintensive, 3-day census of lions using a live-bait method (Jhala et al. 1999; Singh 2007) . Most lions in Gir regularly kill livestock, so readily approached buffalo bait. A daily record was kept of all lions that visited the baits. Lions feeding on the bait remained stationary in the vicinity of the bait for 3-4 days. If, however, lions moved away to another bait site a record of this movement was kept and accounted for while computing total number of lions so as to minimize double counts. The maximum number of lions recorded on any single day was considered to be the total population. Although total counts are known to be error prone in population estimation (Williams et al. 2002) , in the case of Gir lions they provided a reasonably reliable index of population trends as the same method and effort has been used since 1968.
Comparing demographic parameters of African and Asiatic lions.-We surveyed published literature and obtained information from 19 studies on various demographic parameters of African lions. We constructed 95% confidence intervals on demographic parameters of Asiatic and African lions and considered them to be similar if the confidence intervals overlapped.
RESULTS
The adult sex ratio (male : female) was female-biased in Gir PA and Girnar (0.52 6 0.04 SE and 0.70 6 0.13, respectively), whereas it was male-biased in the Eastern region (1.21 6   FIG. 2. -Reproductive success of Asiatic lionesses (Panthera leo persica, 91 cubs from 38 lionesses) measured as percentage of cubs that survived to adulthood. 0.17). The overall adult sex ratio across all study sites (Gir Landscape) was 0.63 6 0.04. The cub : adult lioness ratio was 0.37 6 0.02, whereas the juvenile : adult lioness ratio was 0.23 6 0.01, and the overall young : lioness ratio was 0.60 6 0.01 SE. Mating occurred throughout the year but mostly in winter (56%) followed by summer (25%) and monsoon (19%; v 2 2 ¼ 23.68, P , 0.001). Cub births peaked in summer (57%) followed by winter (37%) and monsoon (6%; v 2 2 ¼ 39.66, P , 0.001). We could confirm age of 1st litter in 7 lionesses; it ranged from 4 to 5 years with an average age of 4.39 years 6 0.17 SE. Of the 38 litters for which litter size was recorded with reasonable certainty, 12.7% had 1 cub, 50.9% had 2 cubs, 29.1% had 3 cubs, and 7.3% had 4 cubs. The average litter size was 2.39 6 0.12 SE. Several lionesses were not successful at raising cubs to adulthood, whereas a few raised many (Fig. 2) .
Infanticide due to territorial takeovers by adult males was found to be the major cause of cub mortality (Table 1) . Annual cub survival rate was lower (0.57 6 0.03 SE) than juvenile (0.87 6 0.04 SE) and subadult (0.90 6 0.04 SE) survival rates, which were similar (Fig. 3) . Overall recruitment (survival from young cub to adult stage) was 51% 6 4% SE. Annual survival rates for young and prime adult males were higher than for old adult males, whereas survival was similar across all adult stages among females (Fig. 3) . The overall average annual survival rate of adult lions (.3 years) was 0.90 6 0.12 SE.
Mortality of radiocollared lions (n ¼ 8) was primarily natural (87.5%), mostly due to old age (50%) or intraspecific strife (33.3%). One radiocollared lioness died due to human causes (12.5%). Of the 88 observed mortalities across the Gir Landscape, considering both collared and noncollared lions, 54.5% were due to natural causes, 43.2% were due to human causes, and the remaining 2.3% were due to unknown causes. A single episode of commercial poaching was responsible for 10.2% of the observed mortality, and we observed retaliatory killing of lions due to livestock depredation twice (2.3%; Fig. 4) .
After territorial takeovers and infanticides, females mated within an average 4.80 months 6 0.66 SE (n ¼ 5 lionesses). Average interbirth interval was estimated to be 1.37 years 6 0.25 SE (n ¼ 7 lionesses). However, when cubs of the previous litter survived to independence, the interbirth interval was higher (2.25 6 0.41 years, n ¼ 2 lionesses) than when all the cubs of the previous litter died (1.02 6 0.06 years, n ¼ 5 lionesses, t 5 ¼ 5.1, P , 0.01).
The Asiatic lion population increased with a realized rate of increase (r) of 0.022 6 0.001 SE (k ¼ e r ¼ 1.0222) over the past 42 years (F 1,7 ¼ 416.3, P , 0.001, R 2 ¼ 0.98), with an initial population of about 177 in 1968 that increased to about 411 by 2010. All the demographic parameters of free-ranging Asiatic lions were within 95% confidence limits of African lion population parameters (Table 2) .
DISCUSSION
Our results suggest that the vital rates of Asiatic lions are similar to those of free-ranging lion populations from Africa and we found no evidence to suggest that the Asiatic lions' (1987) and Wildt et al. (1987) found that Asiatic lions and cheetahs (Acinonyx jubatus) showed a high incidence of morphologically abnormal spermatozoa (79% and 71%, respectively) when compared to free-ranging African lions (25-61%) and other species such as bulls and dogs (20-30%). The serum testosterone (a critical hormone for spermatogenesis) was low and Asiatic lions had lower variability in the major histocompatibility complex gene responsible for body immunity in comparison with those of populations of African lions (O'Brien 2003; Wildt et al. 1987) . These traits were believed to impair their reproductive vigor and population vital rates and were attributed to low genetic variation. Todd (1965) attributed dentition abnormalities in Asiatic lions to inbreeding depression. Brook et al. (2002) estimated that with the prevailing inbreeding depression and subsequently compromised demography, the mean time to extinction of Gir lions with an initial population size of 250 individuals was likely to be 39.3 years. It is possible that harmful effects of inbreeding on Asiatic lions may diminish as deleterious recessive genes are purged from the population by selection Keane et al. 1996; Tanaka 1998) , resulting in comparable population growth rate and vital rates to genetically diverse lion populations. Adult sex ratios in free-ranging lion populations are generally female-biased (Banerjee et al. 2010; Chellam and Johnsingh 1993; Joslin 1973; Packer et al. 1988; Schaller 1972) . In populations with selective harvest and trophy hunting of adult male lions, adult sex ratios are highly skewed in favor of females (Cooper 1991; Loveridge et al. 2007; Yamazaki 1996) . Our finding of male-skewed sex ratio in the Eastern region suggests a male-biased dispersal (Schaller 1972 ) from the ''source'' Gir PA into the ''sink'' Eastern region (Hanski and Gilpin 1997) , which is supported by our ongoing telemetry study . Fewer females were recorded compared to males in the eastern landscape and this also could be attributed to lower availability of suitable habitat patches for breeding lionesses in this human-dominated landscape. The ratio of cubs to adult lionesses was indicative of births every other year and high infant mortality, as expected in lion populations at carrying capacity (Kissui and Packer 2009; Schaller 1972) . Most mating occurred during late winter (January) and, with an average gestation period of 110 days (Cooper 1942) , cub birth showed a peak during summer (April-May). Lion reproduction coincides either with the fawning peak of chital (Axis axis) in December-January or with the rutting season of chital and fawning peak of sambar (Rusa unicolor) during May-June (Ables 1974; Dunbar-Brander 1923; Lydekker 1916; Prater 1971; Schaller 1967) . Chital and sambar form the major prey for lions in the Gir Forests (Chellam and Johnsingh 1993; Dave and Jhala 2011; Meena et al. 2011) , with fawns and rutting males most vulnerable to predation (Hornocker 1970; Johnsingh 1983) . Moreover, during summer most of the domestic livestock are in poor body condition, making them more vulnerable to natural death and lion predation (Jhala et al. 2006) . Thus, food availability increases during late winter to summer and breeding lionesses likely cue into this increased resource to time births for maximizing survival of their young. Joslin (1973) estimated an annual adult mortality rate of approximately 2% in Gir PA (n ¼ 16 lions). Our estimates of Gir lion survival rates were similar to those observed for African lions (Table 2 ). For the past decade lion populations within the Gir Landscape have been intensively managed. Wildlife managers intervene by treating sick and injured lions either in situ or by temporary translocation to a health-care facility within the protected area (Pathak et al. 2002) . We truncated 9 lions in our survival analysis at dates when these lions were captured for treatment, because they were unlikely to have survived in the wild if left untreated. Our estimates of survival are still somewhat confounded with the management intervention of minor treatments to some of our intensively monitored lions. Other demographic parameters such as litter size, cub survival, interlitter interval, and age at 1st litter were not likely to be affected by this management intervention. Such management interventions, although well intentioned, interfere with the natural processes of selection and social dynamics (Packer et al. 2010; Whitman et al. 2004) . Deleterious genes that would normally be selected against in an inbred population may continue to be propagated through ensured survival of unfit lions by health-care interventions (Keller and Waller 2002) . In the case of endangered species that are highly visible, it is often difficult to refrain from treating sick and injured individuals due to public perception (Karesh 1995; Rolston 1992) . Such interventions may be essential when population numbers are extremely small and survival of each individual is crucial to ensure population persistence (Leroy et al. 2004; Nellemann et al. 2010; Smith and Almberg 2007) , but these interventions need to be carefully evaluated for their need and effectiveness and should be scientifically implemented (Burrows 1992; Burrows et al. 1994) . However, in the case of Asiatic lions, the population is reasonably large and increasing. We therefore recommend that diseased lions, even if treated, should not be released back into the wild, as a precaution, in case susceptibility to infection has a genetic basis (Keller and Waller 2002; Michel et al. 2006) . Such interventions also are at odds with the guiding philosophy of managing protected areas (Lockwood et al. 2006; Nelson and Vucetich, in press) and should therefore be kept to a minimum. Examination of our data shows infanticide as a major cause of mortality for cubs, which could be due to a disruption of social dominance and territoriality of male coalitions (Whitman et al. 2004 ) by managerial interventions such as removing coalition partners temporarily for treatment of minor ailments and injuries.
Our ongoing telemetry study shows that male lion coalitions in the Gir Landscape have large ranges, approximately 8-10 times larger than those of females (Jhala et al. 2006 (Jhala et al. , 2009 . This makes males more vulnerable to anthropogenic threats. Juveniles and subadult lions had high survival rates in comparison to cubs; this was likely due to their mobility and ability to avoid contact with infanticidal males because of the dense habitats of Gir (Jhala et al. 2009 ). Juveniles and subadults also adopted a strategy of staying with the natal pride for a prolonged duration. These patterns were similar to those observed in Kruger National Park (South Africa), where lions live in habitats comparable to those in Gir (Funston et al. 2003) .
Infanticide by adult males, synchronous with pride takeovers (Packer and Pusey 1983b) , was found to be most significant cause of cub mortality. By infanticide, incoming males accelerate females' return to estrus (Packer and Pusey 1983a) by an average of approximately 5 months 6 0.66 SE in Gir lions. Other observed causes of cub mortality in Gir Landscape were starvation, disease, abandonment by mother, predation, and snakebite, as also observed in Africa (Eloff 1980; Guggisberg 1961; Joslin 1973; Schaller 1972) .
Retaliatory killing of lions was not a major source of mortality in the Gir Landscape because of cultural reverence by local communities and strict legal enforcement by management authorities (Pathak et al. 2002) . However, with fast-changing land-use patterns and commercialization of natural resources, such societal constraints are rapidly eroding. Local communities' apathy toward lion conservation resulting from livestock depredation by carnivores (lions and leopards [Panthera pardus]) often leads to complacency toward professional lion poachers (Fair 2009; Singh 2007) . Outside of the protected area, lion conservation is not the prime objective for land management, and tolerance toward livestock depredation by communities is lower. To ensure the persistence of lions in this human-dominated landscape, it is essential to manage lion densities within social and economically acceptable levels (Treves et al. 2006) .
Our study suggests that the genetically depauperate Asiatic lion population does not suffer from depressed demographic parameters. However, small populations that are isolated and genetically less diverse are more vulnerable to environmental and demographic stochasticity, making them prone to local extinction events (Frankham 1995) . Because Asiatic lions currently exist as a single population that is vulnerable to local extinction processes, establishing other free-ranging populations geographically distant from Gir (Johnsingh et al. 1998) should be considered a conservation priority. Human causes were a significant source of lion mortality in the Gir Landscape. Because human-caused mortality is not directed to old and young lions that have higher chances of dying from natural causes, this mortality is likely to be additive to natural causes. Although currently lions continue to expand their range and density, it seems that in the future human-caused mortality is likely to increase due to enhanced human-lion conflict and become a major concern for lion persistence in the Gir Landscape. It would, therefore, be prudent to plan mitigation measures to manage conflict so as to minimize human-caused lion mortality for ensuring the long-term survival of this endangered lion subspecies in the Gir Landscape.
